Determination with ion specific electrodes and factors affecting the results. Clin Chem 19: 565-574 Ottoson D (1964) The effect of sodium deficiency on the responses of the isolated muscle spindle. J Physiol (Lond) 171: 109-118 Ottoson D (1965) The action of calcium on the frog's isolated muscle spindle. J Physiol (Lond) 178: 68-79 Saum WR, Ayachi S, Brown AM (1977) Actions of sodium and potassium ions on baroreceptors of normotensive and spontaneously hypertensive rats. Circ Res 41: 768-774 Talaat M (1933) The effect of ions on the cutaneous sensory endings of the frog. J Physiol (Lond) 79: 500-507 SUMMARY I studied various sources of cellular cholesterol ester to determine the origin of the esters that accumulated in monkey smooth muscle cells exposed to hyperlipemic serum. The movement of free cholesterol between the serum and the cells and its esterification by the smooth muscle cells were followed by means of a double-label procedure. Both uptake and efflux of free cholesterol were nearly linear over a 40-hour period. Approximately one-third of the total cellular cholesterol ester was derived from the esterification of free cholesterol taken up from the hyperlipemic serum in the medium, and one-third originated from the esterification of the free cholesterol present in the cells at zero time. Cholesterol esters of the hyperlipemic serum accounted for the major portion of the final third. The contribution to cellular cholesterol ester by cholesterol synthesized de novo by the cells was minimal. Maximal cellular cholesterol ester levels were achieved in the smooth muscle cells after 2 days of incubation in hyperlipemic serum, and additional repeated exposures to this serum produced little further ester accumulation. The results suggest that cellular esterification of free cholesterol may be of major importance to the increase in the cholesterol ester content of arterial cells exposed to hyperlipemic serum, since this process provided at least 60% of the total cholesterol esters accumulated. Circ Res * Cells were incubated for 24 hours in the test medium. Acetate(2-"C] (0.5 Ci/m), 0.2 mM) was added for the final 8 hours.
SEVERAL recent studies in which smooth muscle cells were grown in tissue culture have shown that exposure to hyperlipemic serum results in a cellular accumulation of cholesterol esters (Bates and Wissler, 1976; Chen and Fischer-Dzoga, 1977; St. Clair et al., 1977; Rothblat et al., 1976; Mahley et al., 1977; Pearson, 1976) . These results are qualitatively similar to those seen in the normal aorta when exposed to hyperlipemic serum in vitro using organ cultures (St. Clair and Harpold, 1975) or in vivo by dietary manipulations (Vesselinovitch et al., 1976; Armstrong and Megan, 1972) . Various mechanisms that could contribute to an increase in cholesterol ester concentration in individual cells or in the whole aorta have been analyzed. Although arterial sterol synthesis has been documented, the contribution of this process to the total aortic cholesterol pool is felt to be minimal (Zilversmit, 1968) . Evidence from investigations that examined arterial organ cultures indicated that these cultures (St. Clair and Harpold, 1975) , as well as isolated smooth muscle cells (Bates and Wissler, 1976; St. Clair et al., 1977) , had the capability to incorporate and esterify free cholesterol from the serum. The esterification of cholesterol may play a significant role in the accumulation of arterial cholesterol ester, particularly since it has been shown that microsomal preparations of atherosclerotic aortas had greater rates of cholesterol esterification than their normolipemic counterparts (Hashimoto et al., 1973; Brecher and Chobanian, 1974) . The possibility that the bulk uptake of cholesterol ester also may provide a portion of arterial cholesterol ester is supported by the demonstration of immunologically detectable low density lipoprotein (LDL) in the atherosclerotic lesion and in cultures of smooth muscle cells (Fischer-Dzoga et al., 1973; Smith and Slater, 1970; Kao and Wissler, 1965; Hoff et al., 1975) . Although the determination of the quantitative contribution of each of these sources to the total cholesterol ester pool has been difficult in the intact aorta, it has been possible to perform these kinds of analyses in more readily controlled tissue culture systems (Bates and Wissler, 1976; Rothblat VOL. 45, No. 6, DECEMBER 1979 Brown et al., 1975b) . Thus, the purpose of this investigation was to determine the source of the cholesterol esters that accumulate in monkey smooth muscle cells upon their incubation with hyperlipemic serum under tissue culture conditions.
M e t h o d s

Cells
Monkey smooth muscle cells were grown from aortic explants of Macaca mulatto monkeys, using the procedures described by Fischer-Dzoga et al. (1973) , and subcultured with 0.25% trypsin. Cultures were maintained in Eagle's basal medium supplemented with 5% calf serum and used between the fourth to seventh passage level. For experiments, cells were grown to approximate confluency in Falcon flasks (25 cm 2 ) and were exposed to 5% normal monkey serum 24-48 hours before the start of the experiment. The media then were removed, the cell monolayers were rinsed with Hanks' balanced salt solution (International Scientific Ind., Inc.), and culture media containing the normal or hyperlipemic serum and 15 HIM HEPES (N-2hydroxyethylpiperazine-W-2-ethanesulfonic acid) were added. After a designated time, the media were removed and the cells were harvested with 0.25% trypsin, centrifuged, and stored frozen.
Serum
Normolipemic and hyperlipemic sera were obtained from M. mulatto, monkeys fasted overnight. All monkeys were fed a monkey chow diet (Purina Co.) and hyperlipemia was produced in two by supplementing this diet with 25% peanut oil and 2% cholesterol. The total serum cholesterol levels averaged 115 and 472 mg/100 ml for the normal and hyperlipemic serum, respectively, of which approximately 76% was esterified cholesterol for both sera. The triglyceride content was 41 mg/100 ml for normal serum and 10 mg/100 ml for hyperlipemic serum. All sera were heated at 56°C for 30 minutes to inactivate the lecithin cholesterol acyltransferase enzyme, sterilized by filtration through a 0.45-/im Millipore filter, and used within 2 weeks. The sera were radiolabeled in vitro by their addition into a sterilized test tube containing cholesterol[4-M C] (56 Ci/mol, Amersham/Searle) or cholesterol[l,2-3 H] (50 Ci/mmol, New England Nuclear) dissolved in 50 pil of ethanol. The final ethanol concentration in the tissue culture medium was less than 0.5%. This method labels the free cholesterol of the serum lipoproteins to the same specific activity (Bates and Wissler, 1976) . Radioactive cholesterol esters were not present in these preparations. Figure 1 shows the agarose gel electrophoresis of the labeled normal (A) and hyperlipemic (B) monkey serum. The labeled serum was spotted in three parallel strips and electrophoresed as described by Noble (1968) , using agarose Universal electrophoresis film (Analytic Chemists, Inc.). One strip was stained with Fat Red 7 B for lipid, another with Amido black for protein, and the third strip was cut in the regions indicated in Figure 1 , added to scintillation fluid, counted, and served as the basis of the radioactive analysis. Unbound free cholesterol[ u C] in ethanol remains at the origin. Figure 1 indicates that the added free cholesterol[ M C] was distributed among the lipoproteins in the same pattern as is free cholesterol in whole monkey serum. The chemical composition of the lipoproteins found in these two sera are described elsewhere (Bates, 1979) . The use of radiolabeled free cholesterol to follow the cellular uptake of free cholesterol supplied by the serum has been shown to be an accurate measure of the uptake of the cholesterol molecule itself (Bates and Wissler, 1976) . Serum that had free and esterified cholesterol labeled with 3 H was obtained from one monkey fed the high fat diet. Cholesterol[l,2-3 H] (0.5 mCi) in 50% ethanol was injected intravenously, and the monkey was bled 24 hours later. This procedure resulted in the in vivo [ 3 H] labeling of both the free and ester cholesterol. The serum then was labeled in vitro with free cholesterol[ u C], which made it possible to monitor the movement of serum esterified cholesterol[ 3 H] into the cells, a procedure described by Rothblat et al. (1976) . These determinations are made on the assumption that the M C and 3 H are in equivalent form on the lipoprotein molecule.
There was a variation between experiments in the concentration of cholesterol ester per milligram of cell protein and the level of cholesterol esterification, both of which were found to be inversely related to the concentration of cellular protein per flask. Other investigators have also noted effects of cell density on various aspects of cholesterol metabolism (St. Clair and Leight, 1978; Stein and Stein, 1975; Goldstein and Brown, 1974) . As a result, in the present study, the contribution of each source of cholesterol ester to the total cellular cholesterol ester content and other comparisons have been made only within each experiment.
Cholesterol Analysis
The cell pellets were sonicated in distilled water using a Branson sonifler (setting no. 3, 12 seconds). Samples were taken for protein (Lowry et al., 1951) and lipid (Bligh and Dyer, 1959) analysis. Coprostanol was added as an internal standard for the gasliquid chromatographic determination of the free and esterified cholesterol content of the cells as had been described previously (Bates and Wissler, 1976) . To label cellular cholesterol, cells were grown for 1 week (two media changes) in 5% normal monkey serum labeled with free cholesterol[ 3 H]. This media was removed, and the cells were washed thoroughly. One group of cells then was harvested, and the specific activity of the zero time cellular free cholesterol was determined while the rest of the cells were used for the experiment. For the double-labeled experiments, the cells were prelabeled with free cholesterol[ 3 H], as described above, and were subsequently incubated with free choles-terolf_ M C]-labeled normal or hyperlipemic serum. Quantification of the free cholesterol[ 14 C] incorporated by cells from the serum and the cellular free cholesterol[ 3 H] remaining in the cells was based upon the radioactivity in the cell lipid extract and the specific activities of the serum free cholesterol and the cellular zero time free cholesterol. Cellular esterification of radioactive free cholesterol was determined, using thin layer chromatography on silica gel 1B2 plates (Baker Chemical Co.), and developed in petroleum etherethyl ether.acetic acid (by volume 75:24:1). Cellular sterol synthesis was determined using the incorporation of sodium acetate[2-H C] (55 Ci/mol, Amersham/Searle) into dig-itonin-precipitable sterols as described previously (Bates and Rothblat, 1974) . Doubling the acetate concentration did not affect the results. Radioactivity was measured in a Packard or a Nuclear Chicago liquid scintillation counter, using 0.6% 2,5-diphenyloxazole and 0.02% dimethyl-p-bis[2-(5-phenyloxazole)] in toluene.
Results
Contribution of Free Cholesterol to Cellular Cholesterol Ester
To follow the movement of free cholesterol between the cells and the serum and to determine the contribution of each to the cholesterol ester pool of the cells, a time course study was performed using cells prelabeled with free cholesterol[ 3 H] and sera labeled with free cholesterol^MC]. As shown in Figure 2, the cellular incorporation of serum free cholesterol M C] was greater in the presence of 10% hyperlipemic serum than in normal serum. Both uptake and efflux of free cholesterol were fairly linear over a 40-hour period. Although the movement of free cholesterol was more rapid in the cells incubated in 10% hyperlipemic serum than in normal serum, there was little net change in the free cholesterol concentration from that found in the cells at zero time. A similar pattern of efflux occurred between the cells exposed to normal or hyperlipemic serum when expressed as total cholesterol due to the retention of cholesterol[ 3 H] as cholesterol ester in the hyperlipemic serum-grown cells. Cholesterol[ 3 H] lost from the cell was recovered in the media.
In the presence of hyperlipemic serum, there was an increase in the esterification of cellular free cholesterol[ 3 H], which was demonstrable after 6 hours of incubation and reached a plateau at 24
The contribution of free cholesterol originating from the cells or the serum to the cellular cholesterol content. Cells were grown in 5% normal monkey serum labeled with free cholesterol^H] (circles). After 1 week, this medium was removed and replaced with 10% free cholesterolf l *CJ'-labeled normal or hyperlipemic serum (triangles) (see Methods). Each point is the mean of two typical experiments performed in duplicate. VOL. 45, No. 6, DECEMBER 1979 hours (Fig. 2) . The uptake and esterification of hyperlipemic serum free cholesterol was linear over a 40-hour time period. By 40 hours, 4.7 ng of cholesterol ester per mg of cell protein were formed in the cells exposed to hyperlipemic serum with only 1.3 fig formed in the presence of normal serum. After 72 hours of incubation, the cholesterol flux had slowed and the rate of cholesterol ester formation had begun to decrease.
Since the data indicated a similar efflux pattern between cells grown in normal or hyperlipemic serum and more incorporation of exogenous free cholesterol by cells grown in hyperhpemic serum, there should have been an increase in the total cholesterol content of these cells. Figure 3 shows the cholesterol content of smooth muscle cells after 40 hours of incubation in 10% normal or hyperlipemic sera and the contribution of serum [ M C] and cellular [ 3 H] free cholesterol to the cellular free and esterified cholesterol pool. The serum cholesterol esters were not labeled in this experiment. The experimental conditions were the same as described in Figure 2 . There was an increase in the total cholesterol concentration in the cells exposed to hyperlipemic serum. Seventy-five percent of the total cholesterol, 80% of the free cholesterol, and 60% of the esterified cholesterol content were derived from either cellular or serum free cholesterol. Nearly one-half of the original cellular cholesterol[ 3 H] was still found in the cell. Free cholesterol of both serum and cellular origin was esterified by the cell, and the contribution of each to the total cholesterol ester pool at this time was approximately equal (28% and 31%, respectively). Of the total, free or esterified cholesterol content in the cells incubated in 10% normal serum, 82%, 86%, and 44%, respectively, were derived from serum or cellular free cholesterol. The remainder of the free and ester cholesterol presum- ably was derived from sterol synthesis or the unlabeled serum cholesterol esters.
Synthesis of Cholesterol
Since smooth muscle cells have been shown to be capable of de novo sterol synthesis (Assman et al., 1975; Weinstein et al., 1976) , this mechanism was examined next as a possible source of cholesterol. As shown in Table 1 , sterol synthesis was greatly reduced in the presence of 10% hyperlipemic serum. Thus, very little of the accumulated sterol could be coming from the synthetic process.
Serum Cholesterol Esters
The final source of cellular cholesterol esters, the esterified cholesterol of the serum, was examined using a procedure described by Rothblat et al. (1976) . Hyperlipemic serum with its free cholesterol labeled with M C and 3 H and cholesterol esters labeled with 3 H were incubated with smooth muscle cells. It then was possible to monitor the serum free cholesterol[ M C] movement into the cell, the serum total cholesterol movement (free 3 H plus ester 3 H cholesterol) and, by subtraction, the serum esterified cholesterol[ 3 H]. The results shown in Table 2 indicate that serum cholesterol esters were taken up by the cells, and a portion of them was recovered as free cholesterol, suggesting that hydrolysis of the cholesterol esters probably occurred. The extent of hydrolysis was variable between experiments. In experiment 1, approximately 20% of the total serum cholesterol( 3 H] esters in the cell was recovered as free cholesterol, whereas this figure was 60% in experiment 2. Serum cholesterol[ 3 H] esters were found to account for an average of 26% (range for two experiments performed in duplicate, 23-29%) of the cholesterol esters found in the cells.
Long-Term Exposure to Hyperlipemic Serum
The levels of cholesterol ester present after exposure of monkey smooth muscle cells to hyperlipemic monkey serum for 40 hours represented only 20-30% of the total cholesterol content of the cells. It was of interest to determine whether the smooth muscle cells could be forced to accumulate higher levels of cholesterol ester by repeated exposure of A and B ). An aliquot of this serum had been labeled with free cholesterol] U C] (B). Three sets of incubations were performed with the same serum and cells. One set was used to determine the cholesterol content of the cells, one for the cholesterolf 1 ?!] content, and one for the cholesterol["C] content Values are the means of duplicate determinations from two representative experiments. the cells to hyperlipemic serum, as might be the case in the intact aorta. Similar experiments using normal human LDL had not produced a marked elevation in the cholesterol ester content of human smooth muscle cells (Goldstein et al., 1977) . Cultures of monkey smooth muscle cells were exposed continually to 5% normal or hyperlipemic serum for a total of 8-10 days. As shown in Figure 4 , although there was a variation among experiments in the concentration of cholesterol ester per milligram cell protein, the cells incubated in hyperlipemic serum reached nearly maximal cholesterol ester levels within 2-4 days. After this time, little further accumulation occurred.
The hyperlipemic and normal sera used in these studies were made in advance and stored at 4°C so that the same preparation could be used throughout the experiment. To ensure that the properties of the hyperlipemic serum were not altered during prolonged storage in a diluted form, cells were ex- for experiments 1, 2, and 3,  respectively, was 0.60, 0.68, and 0 .93 mg. Cellular free cholesterol content for experiments 1, 2, and 3, respectively, was 25.7, 27.4, and 24.3 fig/mg cell protein. posed for 48 hours to 5% hyperlipemic serum media, either prepared the same day or 1 week previously, and stored at 4°C. The cholesterol ester content per milligram cell protein for the zero control cells, the cells grown in fresh medium, and the cells grown in stored medium were 1.8, 12.0, and 9.6 jig, respectively, indicating that the lack of marked cellular cholesterol ester accumulation was not due to storage of the hyperlipemic serum.
Discussion
The uptake and release of cholesterol by the arterial wall, cholesterol synthesis, and esterification have been studied extensively by means of chemical and radioisotopic techniques. Such experiments have shown that the plasma is the major source of the free and esterified cholesterol found in the aorta, with only a minor contribution from de novo cholesterol synthesis (Zilversmit, 1968) . Evidence that the serum in the culture media also provided the lipids necessary for cells in tissue culture was demonstrated by Bailey et al. (1959) . The present investigation, which examined the cholesterol metabolism of homogeneous cultures of monkey smooth muscle cells, similarly concluded that both the free and esterified cholesterol of the serum in the incubation medium provided the bulk of the cholesterol requirements for the arterial cells.
There was a nearly linear flux of free cholesterol over the first 40-hour period in those cells incubated in 10% normal or hyperlipemic monkey serum (Fig.  2) . That the movement of free cholesterol was predominantly an exchange of cholesterol between the normal or hyperlipemic serum and the smooth muscle cells was exemplified by the concomitant uptake and efflux of cellular free cholesterol and the fact that the total free cholesterol content, measured as the sum of the free cholesterol from the cells and the serum, showed little change during the course of the experiment. After 40 hours of incubation, as previous results had demonstrated (Bates and Wissler, 1976) , the rate of influx was reduced. This pattern of influx of cholesterol was similar to that VOL. 45, No. 6, DECEMBER 1979 found for Fu5AH rat hepatoma cells (Rothblat et al., 1976) but was much slower than in L-cell mouse fibroblasts (Bates and Rothblat, 1974) or in mouse peritoneal macrophages (Werb and Cohn, 1971) . The increase in the total cholesterol content of the cells grown in hyperlipemic serum (Fig. 3) was due partially to a greater incorporation of free cholesterol from the hyperlipemic serum than from the normal serum. Although the differences in the uptake of free cholesterol betwen the two types of sera were not as great as might be expected, considering that the hyperlipemic serum contained 4 times more cholesterol than the normal serum, previous studies (Bates and Wissler, 1976) have indicated that the incorporation of cholesterol by cells is related linearly to the concentration of cholesterol in the media only at the lower serum levels. At the 10% level, the uptake of exogenous serum free cholesterol-approaches saturation values for both serum types.
The increased rate of cholesterol esterification in the cells incubated in hyperlipemic serum might be due to the elevated levels of free cholesterol. The latter was shown to move into the cells and would be available as substrate for esterification. Alternatively, some other factor in hyperlipemic serum might accelerate cholesterol esterification, producing a movement of cellular free cholesterol into the ester pool and result in the uptake of free cholesterol from the medium. Both possibilities should cause a greater incorporation of serum free cholesterol by the cells. However, prior investigations have demonstrated that when the normal and hyperlipemic serum or LDL were added to the medium at the same cholesterol concentration, although the hyperlipemic serum or lipoproteins stimulated esterification (Bates and Wissler, 1976; Bates, 1979; St. Clair et al., 1977; St. Clair and Leight, 1978) , a similar incorporation of free cholesterol from normal and hyperlipemic serum or LDL occurred (Bates and Wissler, 1976; Bates, 1979) . However, the inability to demonstrate an increase in the incorporation of free cholesterol under conditions where the rate of esterification was elevated may have been due to the low quantity of cholesterol esters produced in comparison to the total cellular cholesterol pool (Bates, 1979) .
In a previous publication, it was reported that approximately one-third of the cholesterol esters was produced through cellular esterification of free cholesterol which had entered the cell from the hyperlipemic serum in the incubation medium (Bates and Wissler, 1976) . Using double-label techniques to follow the serum free cholesterol and the cellular free cholesterol, we confirmed and extended this conclusion. The results are summarized schematically in Figure 5 and indicate that slightly less than one-third of the cellular cholesterol esters was derived from the esterification of free cholesterol present in the cell at the start of the experiment. A minor portion of this third might have come from the small amount of radioactive cholesterol esters (maximal contribution, 3%) also present in the cell at that time. Since the cellular free cholesterol[ 3 H] originally was taken up by the cell during its preincubation in labeled normal serum, it might also be considered as serum-derived cholesterol. As shown in Figure 5 , the serum cholesterol esters provided an additional one-fourth of the total cellular cholesterol esters. Whether there was external or internal hydrolysis of cholesterol esters followed by reesterification or incorporation of the cholesterol esters intact was not determined in this study. However, hydrolytic activity could be inferred from the fact that serum cholesterol esters were recoverd as cellular free cholesterol ( Table 2) . The incorporation of serum cholesterol esters with or without subsequent hydrolysis had been demonstrated in the intact aorta (Zilversmit, 1968; Hashimoto and Dayton, 1966) , as well as in various cells in tissue culture (Bailey et al., 1972; Rothblat et al., 1976; Brenneman et al., 1974; Maca and Connor, 1971) . The maximal contribution of cholesterol esters from the serum to the total cholesterol pool in the monkey smooth muscle cells of this study was approximately 17%.
The final 15% of the accumulated cellular cholesterol ester may represent the cholesterol esters initially present in the cells but not labeled with cholesterol[ 3 H] during the preincubation period in normal monkey serum (Fig. 3) . However, since the exact contribution of the unlabeled or labeled zero time cholesterol esters to the cholesterol ester pool has not been substantiated, the arrows were drawn as a broken line (Fig. 5) .
Several studies have examined the origin of cellular cholesterol esters and have observed that cellular esterification of free cholesterol played a predominant role in cholesterol ester accumulation. Rothblat and colleagues, using Fu5AH rat hepatoma cells which exhibit the characteristic of accumulating large amounts of cholesterol ester when exposed to hyperlipemic serum, estimated that a minimum of 33% to a maximum of 90% of the accumulated cholesterol esters were a result of cellular cholesterol esterification (Rothblat et al., 1976; Rosen and Rothblat, 1977) . co-workers (1975a, 1975b) felt that intracellular esterification of cholesterol could account for the entire increase in the cellular content of cholesterol esters which occurred when human skin fibroblasts were incubated with normolipemic LDL. In the present study of arterial cells, 60% of the cholesterol ester accumulation was due to cellular esterification. However, this represented only a minimal figure, since serum cholesterol esters and zero time cellular cholesterol esters could have been hydrolyzed and reesterified by the cells. These results indicate that cellular cholesterol esterification made a major contribution to cholesterol ester accumulation in these arterial cells.
In human atherosclerosis, the smooth muscle cells of the arterial wall are filled with oil red O positive lipid vacuoles or inclusions, some of which demonstrate the characteristics of cholesterol ester liquid crystals (Hata et al., 1974; Lang and Insull, 1970; Small and Shipley, 1974) . However, substantial quantities of cholesterol esters have not been demonstrable in smooth muscle cells isolated from the arterial wall and grown in tissue culture unless special conditions were used. These included the addition of chloroquine to inhibit lysosomal cholesterol ester hydrolase (Stein et al., 1977) or incubation of the cells with LDL made polycationic through its covalent bonding to N,/v*-dimethyl-l,3propanediamine (Goldstein et al., 1977) . The relationship of such manipulations to the atherogenic process remains to be determined. In the present study, an attempt was made to produce cholesterol ester accumulation by repeatedly exposing smooth muscle cells to hyperlipemic serum to mimic possible environmental conditions present in the arterial wall. Although slightly higher levels of cellular cholesterol ester were achieved in one out of three experiments using this procedure, rather than the usual single exposure to hyperlipemic serum (experiment 1, Fig. 4 ), in all experiments performed the final cholesterol ester concentration was still not greater than the free cholesterol content of the cells. Thus, it is evident that intermittent growth in hyperlipemic serum did not alter whatever homeostatic mechanisms in the cell (possibly the LDL receptor) that may be governing cholesterol ester concentration after its initial increase.
The concept that the normal arterial intima presents a barrier to the uptake of cholesterol (Zilversmit, 1968 ) was supported by the recent finding of Vlodavsky et al. (1978) , who showed that a confluent monolayer of endothelial cells would bind but not internalize LDL. In addition, Stein and Stein (1976) and Reckless et al. (1978) have presented evidence that the presence of high density lipoprotein will lower the binding of LDL to endo-thelial cells. The importance of such blocks to the penetration of LDL into the artery wall becomes apparent from the present study which demonstrated that, once cholesterol from hyperlipemic serum reaches the smooth muscle cells, the cholesterol is esterified rapidly and cholesterol ester begins to accumulate within hours.
